F.  At first glance, it would seem that the holes and electrons
would keep diffusing across the junction and recombine with
each other until no current carrier remained or until just
one or the other kind of charge carrier remained.  However,
this is not the case.  For each hole that crosses the
junction from the P to the N side, there remains an un~
neutralized immobile negative ion on the P side.  Similarly,
each electron that crosses from the N to the P region leaves
an unneutralized positive ion.  These unneutralized, immo-
bile ions on each side of the junction are called uncovered
charges, and the electric field between them can be con-
veniently represented by a battery placed across the
junction as shown by the dashed lines in figure 18.

G.  The holes that cross from the P to the N region recombine
with electrons on the N side.  Simarly, electrons from the
N region recombine with holes on the P side.  This flow of
holes from the P to N side and electrons from the N to the
P side constitutes a recombination current across the
junction.  This recombination current does not, however,
persist at some constant value.  Instead it falls to some
very low value vicinity of the junction.  The uncovered
negative ions on the P side start repelling the electrons
from the N side while the wall of uncovered positive ions

on the N side repels the holes from the P side.  The battery
in figure 18, therefore, represents the barrier potential
set up by the uncovered charges, which inhibits the re-
combination currents.   Thus, it seems that a condition of
equilibrium is established between the diffusive potential
of the concentration gradient, the barrier potential of the
concentration gradient and the barrier potential of the
uncovered charges.

H,  If thermal agitation caused all the mobile carriers to have
exactly the same kinetic energy, this simple explanation for
equilibrium conditions at the barrier would suffice.  How-
ever, the thermal energy impaired to the mobile charge
carriers is randomly distributed.  Statistically speaking,
some holes and electrons have only a small amount of kinetic
energy whereas others have a very large amount.  Some of the
high energy carriers will, from time to time, be capable of
overcoming the barrier potential.  If this were the only
action, it would seem that the barrier height would keep
increasing in an effort to compensate for those high-energy
carriers that manage to hurdle it.  Ultimatelyff we might
expect the last of the mobile charges to cross the barrier*
leaving some large barrier potential.
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